Introduction
Organic acids and their alkyl esters are widely used as preservatives because of their negligible toxicities for mammals and acceptable costs. Unfortunately, they might be harmful to consumers due to human effects: anexcessive intake might induce allergic reactions, metabolic acidosis, or convulsions. The control of the concentration of preservatives in food is thus important. Benzoic acid (BA), sorbic acid (SA) and p-hydroxybenzoic acid esters (parabens) are admitted as the preservatives of foods. In Japan, the food additives are regulated under the Food Sanitation Law: 345 additives are currently designated as approved by the Minister of Health, Labour, and Welfare under Article 10 of the Food Sanitation Law. 1 In the analysis of the preservatives in food samples and daily necessities such as cosmetics, shampoo and toothpaste, an easy removement of matrices and a simultaneous separation of many preservatives are required. Solvent extraction, 2-5 micellar liquid extraction 6 and solid-phase extraction 7, 8 are widely used for the extraction of the preservative. The simultaneous extraction of the preservatives having different solubility and ionicity values cannot be accomplished by these extraction methods. Therefore the addition of acid 8 or micellar reagents 6, 7 to the sample solution was carried out to extract acidic and neutral preservatives simultaneously. However, it is difficult to completely remove the organic matrices because they will also be extracted by these methods.
Although GC 5,9 and HPLC 2-4,6-8 are used for the separation of the preservatives, HPLC is widely used because the derivatization of SA and BA is necessary in GC. Parabens can be completely separated on a hydrophobic stationary phase such as the C18-bonded silica, but the ionic matrices will cause the unstable retentions of an ionic preservative such as SA and BA. To achieve simultaneous separation, scientists reluctantly must use the ion-pair 3, 7 or micellar 2,6 chromatography in which stability problems often appear.
A type of dialysis has been presented as the pretreatment technique of ions in high matrix samples. The dialysis utilizes the diffusion equilibrium between two liquid phases that are isolated by a diaphragm (a dialysis membrane). The matrices including proteins, lipids and low water-soluble compounds which affect the determination of ions in ion chromatography (IC) can be eliminated by optimization of pore diameter of the dialysis membrane. 10 Fang et al. reported the superiority of dialysis as the pretreatment technique for nitrite in foods by flow injection analysis. 11 Further, Grudpan et al. reported that the contamination of sample solution and the degradation of separation column could be resolved by applying the dialysis as the inline pretreatment technique of IC. 12 The inline dialysis was applied to the analysis of the inorganic ions in foods 13 and waste water. 14, 15 The authors have established the quantitative analysis for nitrite and nitrate using the inline-dialysis IC. 16 Nitrite and nitrate in meat products were easily determined with highly precision by applying the developed method.
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In this study, we developed a rapid and simple quantitative analysis for acidic and neutral preservatives in foods and daily necessities by combining the inline dialysis-IC with the hydrophobic anion-exchange separation.
Testing samples containing two acidic and six ester preservatives were treated by inline dialysis and then the preservatives in the dialyzed solution were completely separated on a polystyrene based anion exchange column using the mobile phase containing acetonitrile. The proposed inline-dialysis IC method was applied to the quantitative analysis of the preservatives in seven samples of foods and daily necessities.
Experimental

Reagents
All the analytical-grade reagents used for the preparation of the mobile phase and the sample pretreatment in this study were purchased from Wako Pure Chemical Industries (Osaka, Japan). Sorbic acid (SA), benzonic acid (BA), methylparaben (MP), ethylparaben (EP), propylparaben (PP), isopropylparaben (i-PP), butylparaben (BP), and isobutylparaben (i-BP) were chosen as analytes. The standard stock solutions (1000 mg L -1 ) of each analyte were prepared by dissolving each reagent with ethanol. The working analytical solutions were prepared by diluting each standard stock solution with pure water just before use. The pure water used was purified in LV408 (Toray, Tokyo, Japan).
Equipments and analytical conditions
An 850 Professional IC equipped with an automatic dialysis pretreatment device and an 858 Professional Sample Processor (Metrohm, Herisau, Switzerland) was used as an ion chromatograph. The constitution of the inline dialysis-IC system is shown in Fig. 1 . The dialysis cell (Metrohm) was constructed with two blocks which have a cavity like whirlpool; the cellulose acetate dialysis membrane (a diameter, 47 mm; pore diameter, 0.2 μm) is put between two blocks. The sample flow rate for dialysis was set to 0.5 mL min -1 . A Metrosep A Supp16-250 (Metrohm) packed with polystyrene based anion exchange resin was used, and a mixed solution of 0.02 mol L -1 phosphate buffer and acetonitrile was used as a mobile phase. The flow rate was set at 0.6 mL min -1 and the column temperature was set at 60 C. An SPD-6A spectrophotometric detector (Shimadzu, Kyoto, Japan) was used, and the detection wavelength was set at 230 nm. The sample injection volume was 20 μL.
Testing samples and its preparation
Two samples of pickles, two samples of nourishment drinks, two samples of lotions and one sample of toothpaste were chosen as testing samples. For the pickles, their liquids were collected and then diluted with pure water. Then the sample solutions were analyzed after filtration through a 0.45-μm membrane filter (PTFE, ADVANTEC Toyo, Tokyo, Japan). The nourishment drinks and lotions were directly analyzed after diluting with pure water. Toothpaste was sonicated for 15 min after adding pure water, and then the sample solution was analyzed after filtering with the 0.45-μm membrane filter.
Results and Discussion
Optimization of the separation conditions
The influence of acetonitrile concentration in the mobile phase on the separation of the eight preservatives was evaluated. The retentions of parabens were shortened as the acetonitrile composition in the mobile phase was increased. A good separation for six parabens was obtained at phosphatebuffer/acetonitrile (4 + 6). On the other hand, the retentions of SA and BA are changed by the pH of the mobile phase because of their ionicity. The influence of phosphate buffer pH added in the mobile phase was examined. The results are shown in Fig. 2 . Though the retentions of six parabens did not depended on the mobile phase pH, those of SA and BA were drastically increased as the mobile phase pH increased. These results showed that neutral preservatives such as parabens were retained on the polystyrene based anion exchange column by hydrophobic interaction. On the contrary, acidic preservatives such as SA and BA were retained by electrostatic interaction. The eight preservatives were completely separated at pH 2.2 and 1.7, however, an asymmetry peak of BA was observed at e, peristaltic pump-1; f, dialytic fluids; g, peristaltic pump-2; h, pump; i, mobile phase; j, six-port valve; k, sample loop; l, column; m, column oven; n, UV-detector. pH 2.2 because of its weak ionicity. Therefore, pH 1.7 of phosphate buffer in which a good peak of BA was observed was chosen as the optimum condition and the following examination was carried out under the obtained conditions. Under these conditions, the detection limits (S/N = 3) for eight preservative standards were from 0.08 to 0.66 mg L -1 . Further, a good linearity (R 2 > 0.998) for each preservative was obtained in the range from to 100 mg L -1 .
Optimization of the dialysis conditions
The dialysis efficiency was evaluated using various dialytic fluids to optimize the dialysis condition. Water, water-acetonitrile (8 + 2), 0.1% sodium hydrogen carbonate and 0.1% sodium hydrogen carbonate-acetonitrile (8 + 2) were evaluated as the dialytic fluids. The dialytic fluid was enclosed in the cavity of dialysis cell and the mixed standard solution was passed through the opposite cavity of the dialysis cell with 0.5 mL min -1 for 12 min. The dialyzed solutions were analyzed by IC. The result is shown in Fig. 3 . Although the dialysis efficiency was expected to be improved by the addition of the organic solvent or alkaline salt to the dialytic fluid, no significant superiority in the examined dialytic fluids was found. It is unclear why the dialysis rate in this experiment was not improved. However, the decrease in dialysis rate with the addition of acetonitrile to the dialytic fluid appears to be due to the swelling of the cellulose acetate membrane. Although sodium hydrogen carbonate gave highest dialysis rates for SA, BA and MP, those for other parabens were reversed when water was used as the dialytic fluid. Further, water was chosen as the dialytic fluid considering the solubility of sodium hydrogen carbonate in the mobile phase and its alkalinity.
The influence of the dialysis time was examined. The result is shown in Fig. 4 . The dialysis rate of each preservative was almost constant at 18 min. The dialysis rates of SA and BA were approximately 80%, but those of parabens were less than 70%. However, this dialysis condition was adopted, because a good repeatability (RSD, n = 8) of less than 1.5% for each preservative was obtained.
Application to the quantitative analysis of the preservatives in food and daily necessities
The proposed procedure was applied to the quantitative analysis of the preservative in seven samples of foods and daily necessities. The chromatograms of the eight preservative standards, nourishment drink A and lotion A are shown in Fig. 5 . Calibration curves for quantitative analysis were made by measuring the mixed standard solution after dialysis. The preservatives were quantified without any interference. In the measurement of the nourishment drink A, BA of 415 mg kg -1 and EP of 62 mg kg -1 were quantified, and the repeatability (RSD, n = 10) of 2.1 and 3.2%, respectively, was obtained. The recovery test of the preservatives was examined using the nourishment drink A which included SA or BA (2.5 mg L ; dialysis time, 12 min. , Water; , water-acetonitrile (8 + 2); , 0.1% NaHCO3; , 0.1% NaHCO3-acetonitrile (8 + 2). SA, BA, MP, EP, PP and BA in the nourishment drink A were 98, 92, 99, 96, 101 and 92%, respectively. On the other hand, MP of 1032 mg kg -1 was quantified in the lotion A, and an RSD (n = 10) of 0.8% was obtained.
The quantified values of the preservatives in the testing samples are shown in Table 1 . SA was detected in nourishment drink A and in liquid of pickle B, and BA was detected in the two nourishment drinks, the liquid of pickle A and toothpaste. MP was detected in the two lotions and toothpaste. EP was detected in the nourishment drink A, but parabens having longer alkyl chains were not detected from an sample.
Conclusions
In this study, the applicability of the inline dialysis-IC method for the quantitative analysis of the preservatives in seven samples of foods and daily necessities was evaluated. The simultaneous separation of ionic and neutral preservatives was accomplished using the hydrophobic anion-exchange resin. Although the dialysis rate in the dialysis was not so high, we could extract these preservatives with good repeatability. The proposed inline dialysis-IC method was applied to the simultaneous determination of the eight preservatives in foods and daily necessities. The preservatives in the testing samples were quantified without any interference. The proposed inline dialysis-IC method will be useful for the determination of the preservatives in foods and daily necessities containing high concentration matrixes. 
